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Background
While mammals possess a limited capacity for retinal
regeneration, teleosts such as Danio rerio (zebrafish)
can recover from retinal injury or cell death through
stimulation of glia to induce reprogramming into neural
1
stem-like cells. In zebrafish, retinal Müller glia engage
in regeneration in response to an injury-derived signal.
It was previously shown2,3 that the regenerative
response to retinal damage in zebrafish is regulated
by the Notch signaling pathway. Persistent Notch
signaling causes Müller glia to remain in a quiescent
state in the undamaged retina, and Notch signaling
repression causes Müller glia to reenter the cell cycle3,
reprogramming them to stem-like cells that undergo
division and produce multi-potent retinal progenitors,
which are then able to exit the cell cycle and
differentiate into replacements for the damaged
neurons.1 There is evidence that Müller cells do not
proliferate in the mutants studied with inherited
photoreceptor degeneration, but they do proliferate
4,5
after the retina is injured. To determine if differences
in Notch signaling play a role in the lack of
regeneration in zebrafish with inherited degeneration,
Notch3 expression in a line of eys-/- zebrafish was
quantified in relation to an unaffected heterozygous
eys+/- zebrafish line, and a heterozygous line with
inflicted light damage. Additionally, Notch3 expression
in a line of Tg(XOPS:ntr-YFP) YFP+ zebrafish treated
with metronidazole was quantified to compare
regeneration capabilities of a chemical ablation
damage model to those of the unaffected and lightdamaged heterozygrous lines.
Methods
To quantify Notch signaling in the zebrafish retina, the
retina was removed, and total RNA was isolated from
it. Then random-primed cDNA was prepared, and
qPCR was run with a Notch3 expression assay in
order to measure Notch3 expression. The
measurement of Notch3 expression was accompanied
by imaging retinas from corresponding fish with a
variety of stains. The following primary antibodies
were used in imaging: zpr1 for visualization of cone
inner segments, peanut agglutinin (PNA) for
visualization of cone outer segments, zpr3 for
visualization of rod outer segments, proliferating cell
nuclear antigen (PCNA) for visualization of
proliferating cells, and Lplastin for visualization of
inflammation.

Conclusions

Results

Figure 1. (A, B, C, D) Cryosections of wild-type, eys-/- mutant (n = 4), light-damaged wild-type (n = 4), and metronidazoletreated Tg(XOPS:ntr-YFP) YFP+ (n = 6) zebrafish stained with PNA (red) to label cone outer segments and zpr1 (green) to
label cone inner segments. (E, F, G, H) Cryosections of wild-type (n = 5), eys-/- mutant (n = 4), light-damaged wild-type (n =
4), and metronidazole-treated Tg(XOPS:ntr-YFP) YFP+ (n = 6) zebrafish stained with zpr3 (red) to label rhodopsin in rod
outer segments. Sections were counterstained with DAPI (blue in A-D, green in E-H). INL, inner nuclear layer; ONL, outer
nuclear layer, COS, cone outer segment layer; ROS, rod outer segment layer.

The results reported here are preliminary evidence for the role of the
Notch signaling pathway as a critical step in the mechanism of
regeneration of photoreceptors in zebrafish with inherited
degeneration. This is consistent with what has been previously shown
about the role of Notch in regeneration of photoreceptors in zebrafish
following inflicted damage, specifically light damage (Song et al.
2020). Additionally, these results add to the body of data already in
existence regarding regeneration in zebrafish models with inflicted
damage by evaluating an additional damage model: the chemical
ablation of photoreceptors by metronidazole in zebrafish expressing
the nitroreductase gene. This study produced results consistent with
the available data, indicating that Notch3 expression is also
downregulated in this damage model. The trends in the presented
data are consistent with the hypothesis that a compromised function of
the Notch signaling pathway contributes to or is responsible for the
lack of regeneration in zebrafish models with inherited photoreceptor
degeneration. The quantification of PCNA-positive Müller glia cells
supported the hypothesis that inherited degeneration of
photoreceptors is correlated with less proliferation of Müller cells than
that of unaffected animals or animals with inflicted damage of
photoreceptors.

Future Directions

Figure 3. Quantification of relative notch3 expression in wildtype (n = 5), eys-/- mutant (n = 4), light-damaged wild-type (n
= 4), and metronidazole-treated Tg(XOPS:ntr-YFP) YFP+ (n
= 6) zebrafish. Each data point is representative of the
quantified expression in an individual animal.

Summary of Findings
Figure 2. (A) Cryosection of wild-type (eys+/-). (B)
Cryosection of eys-/- mutants. (C) Cryosection of wild-type
with inflicted light damage. (D) Cryosection of
Tg(XOPS:ntr-YFP) YFP+ with metronidazole treatment. All
sections were stained with PCNA (green) to label
proliferating cells and counterstained with DAPI (blue). (E)
Quantification of PCNA-labeled nuclei in the INL of the
dorsal retina of wild-type, eys-/- mutant, light-damaged
wild-type, and metronidazole-treated Tg(XOPS:ntr-YFP)
YFP+ zebrafish. Each data point is representative of the
quantified expression in an individual animal. (F)
Quantification of PCNA-labeled nuclei in the ONL of th
dorsal retina of wild-type, eys-/- mutant, light-damaged
wild-type, and metronidazole-treated Tg(XOPS:ntr-YFP)
YFP+ zebrafish. Each data point is representative of the
quantified expression in an individual animal. Scale bar:
100 𝜇m. INL, inner nuclear layer; ONL, outer nuclear layer.

Counts of PCNA-positive Müller glia cells in the inner
nuclear layer and outer nuclear layer of the dorsal retinas
of the bbs2+/+ WT; Tg(XOPS:ntr-YFP) YFP+ zebrafish
treated with metronidazole were greater than those in the
eys+/- zebrafish and comparable to those in the lightdamaged eys+/- zebrafish (Fig. 2). Though the difference
between the counts in each of these groups and the eys+/zebrafish is not significant, there is a correlation between a
relatively greater number of PCNA-positive Müller cells and
inflicted damage. Counts of PCNA-positive Müller glia cells
in the inner nuclear layer and outer nuclear layer of the
dorsal retinas of the eys-/- zebrafish treated were
comparable to those in the eys+/- zebrafish and less than
those in the bbs2+/+ WT; Tg(XOPS:ntr-YFP) YFP+ and
light-damaged eys+/- zebrafish (Fig. 2). Though the
difference between the eys-/- zebrafish is not significant,
there is a trend that animals with inherited degeneration
possess a relatively lower number of PCNA-positive Müller
cells than those with inflicted damage.

There is potential for these methods to be further developed to
produce significant support of the Notch signaling pathway being a
critical step in the mechanism of photoreceptor regeneration in
zebrafish with mutations that lead to photoreceptor degeneration. In
this case, additional work in the realm of the pathway is necessary for
a full understanding of the relation between degeneration in the retina
and the subsequent signals required to stimulate Müller glia
regeneration. This work would include an exploration of the
mechanism downstream of Notch that could be more directly tied to
either Müller cell dedifferentiation or cell cycle control. Another course
of action, given an assemblage of the expected results regarding
regulation of Notch3 expression, would be an investigation of methods
to experimentally modulate Notch activity as to induce cell proliferation
and remedy the compromised function of the signaling pathway in
zebrafish with inherited degeneration.
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